A new method for the assay of aminopropyltransferase activity is described. The method measures the formation of [methyl-4C]methylthioadenosine from decarboxylated S-adenosyl[methyl-14C]methionine in the presence of an amine acceptor. When used with extracts from rat ventral prostate, kidney, liver or brain, and with putrescine or spermidine as amines, the method gave results in excellent agreement with those obtained by the much more time-consuming conventional method. It was found that 1,3-diaminopropane and 1,8-diamino-octane were not acceptors for the prostatic enzyme fraction, but 1,5-diaminopentane (cadaverine) was active and 1,9-diaminononane and 1,12-diaminododecane also lead to the production of [methyl-14C]methylthioadenosine.
The polyamines spermidine and spermine are synthesized in eukaryotes by the addition of a propylamine group from decarboxylated S-adenosylmethionine to an amine acceptor (Tabor & Tabor, 1972  Raina & Janne, 1975) . Two such aminopropyltransferases have been detected in mammalian cells (Pegg & Williams-Ashman, 1969a , 1970 ; Raina & Hannonen, 1971; Hannonen et aL, 1972) . One of these enzymes (EC 2.5.1.16) is similar to that characterized from extracts of Escherichia coli (Bowman et al., 1973) and forms spermidine and methylthioadenosine from putrescine and decarboxylated S-adenosylmethionine. The other utilizes spermidine as the preferred acceptor of the propylamine group and forms spermine. Although polyamine biosynthesis has been the subject of many investigations in recent years, relatively little work has been carried out on these aminopropyltransferases compared with the numerous studies of the biosynthetic decarboxylases responsible for the formation of putrescine and decarboxylated S-adenosylmethionine (Tabor & Tabor, 1972 Raina & Janne, 1975) . In part, this is due to the lack of a rapid and sensitive assay for the aminopropyltransferases. The bacterial enzyme was sufficiently active for a coupled spectrophotometric assay for spermidine to be used in some experiments (Bowman et al., 1973) , but the mammalian enzymes have been assayed only by following the appearance of radioactive polyamine after incubation with either labelled amine acceptor or decarboxylated S-adenosylmethionine labelled in the carbon atoms of the propylamine group (Pegg & Williams-Ashman, 1969a , 1970 Raina & Hannonen, 1971; Bowman et al., 1973 Milwaukee, WI, U.S.A. Decarboxylated S-adenosylmethionine was prepared by the action of S-adenosylmethionine decarboxylase isolated from E. coli and purified on a Dowex 50 (H+ form) column followed by preparative paper electrophoresis in 0.05M-citric acid buffer . The final preparation was free of S-adenosylmethionine. Decarboxylated S-adenosyl[methyl-"C]methionine was prepared from S-adenosyl(methyl-"4C]methionine in the same way starting with 50,Ci of the substrate.
Preparation and assay of extracts containing aminopropyltransferase activity Extracts were prepared from rat ventral prostate, liver, kidney and brain. The tissue was homogenized in 2vol. of ice-cold 25mM-sodium phosphate/5mM-dithiothreitol/0.1 mM-disodium EDTA, pH 7.2, and centrifuged at lOOOOOg for 60min. The supernatant was then fractionated by the addition of (NH4)2SO4 ). The protein precipitated between 40% and 65% saturation was collected and dialysed overnight against lOOvol. of the homogenization buffer. This extract was used as a source of enzyme. The protein content was determined by the method of Lowry et al. (1951) , with crystalline bovine serum albumin as standard.
Aminopropyltransferase activity in these extracts was measured by the conventional method as described by Janne & Williams-Ashman (1971),
spermidine (3.34mCi/mmol) as substrates. The concentrations of the reagents were as given below, with the omission of the labelled decarboxylated S-adenosylmethionine. The results were expressed as nmol of polyamine formed/mg of protein in a 30min incubation and were corrected for recovery of the polyamines through the Dowex 50 columnchromatography and paper-electrophoresis steps by measuring the recovery of authentic labelled polyamines. This recovery was 73±6 % for spermidine and 56± 5 % for spermine.
For the new assay of aminopropyltransferase activity the assay system had a volume of 0.2ml and contained 20,cmol of sodium phosphate, pH 7.5, 1,umol of putrescine or spermidine, 0.01umol of decarboxylated S-adenosylmethionine, 0.4nmol of decarboxylated S-adenosyl[methyl-'4C]methionine (0.024puCi) and the enzyme (0.2-7.3mg of protein). After incubation for 30min at 37°C, the reaction was stopped rapidly by the addition of 0.2ml of 4M-HCI. A further addition of 0.6ml of 2M-HCI was then made and the mixture centrifuged for 10min at 1600g in a bench-top centrifuge. The supernatant was removed and the pellet washed with 2 x 1 ml of 2M-HCI. The combined supernatant and washings were applied to a small column (approx. 5mm x 50mm) of Dowex 50 (H+ form). The column was then washed with 2M-HCI. The eluate from the column was collected and the first 5ml was assayed for radioactivity after addition of lOml of Formula-947 LSC scintillation 'cocktail' (New England Nuclear Corp.). The samples were counted for radioactivity in a Beckman LS-350 liquid-scintillation counter, and the efficiency for 14C, which was determined by the use of an internal standard, was 41 %. 
Results and Discussion
Using the new method for the assay of aminopropyltransferase activity and crude enzyme prepared from a number of tissues, we found that the reaction was proportional both to the time of incubation for at least 60min and to the protein added over the range 0.2-8mg. The production of [methyl-'4C]methylthioadenosine was entirely dependent on the addition of an acceptor amine, and no increase over the small amount of radioactivity present in samples incubated without enzyme was produced by the addition of enzyme in the absence of an amine acceptor. Table 1 agree with previous studies showing that the rat ventral prostate is the richest source of these enzymes and that the brain has a relatively high spermine synthetase activity (Pegg & Williams-Ashman, 1969a; Raina & Hannonen, 1971 ), but are not in close agreement with other details of the relative activities of these enzymes in mammalian cell extracts (Raina & Hannonen, 1971 ). However, it should be noted that the extracts that we employed were used merely as convenient polyaminefree sources of these enzymes, and we did not determine if part of the original activity was lost during the preparation of the extracts. It has been reported that Vol. 169 a partial separation of spermidine synthetase and spermine synthetase can be produced by fractionation with (NH4)2SO4 (Hannonen et al., 1972) , and therefore some of the latter enzyme may have been lost in our extracts.
It is quite possible that methylthioadenosine formed in the aminopropyltransferase reaction may be further degraded by other enzymes present in crude cell extracts. Indeed, an enzyme converting this nucleoside into adenine and methylthioribose has been described (Pegg & Williams-Ashman, 1969b ). However, this would not affect the assay unless the labelled products of further metabolism bind more strongly to Dowex 50 (H+ form) than methylthioadenosine itself, which is not the case for methylthioribose and is unlikely for other further metabolites. The method is therefore likely to be of general value for assays of aminopropyltransferase activity in crude tissue extracts. Since the Km for decarboxylated S-adenosylmethionine in the synthesis of polyamines is very low (Pegg & Williams-Ashman, 1969a , 1970 Hannonen et al., 1972; Raina & Janne, 1975) and methyl-labelled S-adenosylmethionine of very high specific radioactivity is commercially available, it should be possible to use this method to measure aminopropyltransferase activity in extracts from cultured cells where only a limited amount of protein is available. The method does require the preparation of labelled decarboxylated S-adenosylmethionine, but this is not more difficult than the preparation of the unlabelled compound needed for the conventional assay.
Finally, the method can be used as a rapid preliminary test to determine whether other amines can be used as acceptors for mammalian aminopropyltransferases without needing to have the amine in a radioactive form or to have a marker for the amine product of the reaction. This possibility may be of some importance, since non-physiological diamines, which repress ornithine decarboxylase, are currently being used as inhibitors of polyamine production Guha & Janne, 1977; Kallio et al., 1977a,b; Pegg et al., 1978) , and it is critical for these experiments that these diamines do not replace putrescine in the aminopropyltransferase reaction. Table 2 shows such an experiment, which suggests that 1,3-diaminopropane cannot be used as a substrate by the enzyme fraction from prostate, but that 1,5-diaminopentane can be used. In these respects, the prostatic extract is similar to the enzyme from Escherichia coli (Bowman et al., 1973) , but this finding differs from the report of Kallio et al. (1977b) , who claim that 1,5-diaminopentane is not a substrate for aminopropyltransferases from Ehrlich ascites cells. A significant production of methylthioadenosine was also seen in response to 1,9-diaminononane and 1,12-diaminododecane, but 1,8-diamino-octane was inactive and 1,7-diaminoheptane was only very weakly active. It is unlikely that these results are due to contamination of the amines with putrescine or spermidine, as we were unable to detect such contamination (sensitivity was better than 1 %) after separation by high-voltage electrophoresis.
